We investigate the forward-backward asymmetries in the pair production of fourth family fermions through the new Z ′ interactions in the e + e − collisions. The Z ′ boson having family universal couplings can contribute to the pair production of fourth family fermions via the s-channel exchange.
I. INTRODUCTION
Even though we observe three families of quarks and leptons of the Standard Model (SM), however there could be a fourth family if their masses and mixings are beyond our present experimental reach. A family extension to the SM fermion families contains the quarks t ′ and b ′ , and charged lepton l ′ with its associated neutrino ν ′ . The allowed parameter space for a fourth family is restricted by the experimental searches, precision electroweak measurements, theoretical constraints from the requirements of unitarity and perturbativity. Using a data sample corresponding to an integrated luminosity of 4.9 fb −1 with the CMS detector at the LHC, the most stringent limits exclude the existence of a down-type (uptype) fourth family quark with masses below 611 GeV (565 GeV) [3, 4] assuming a branching fraction of 100% for the decays b ′ → W − t and t ′ → W + b.
From direct production searches at LEPII, there is a lower limit of the order of 100 GeV for the fourth family charged lepton and unstable neutrino. The precision measurements restrict the mass splitting between the fourth family leptons |M l ′ − M ν ′ | ≈ 30 − 60 GeV and the fourth family quarks |M t ′ − M b ′ | ≈ 50 − 70 GeV [5, 6] .
The fourth family quarks and leptons could also couple to an extra neutral gauge boson different from the three SM families. A new neutral gauge boson Z ′ can have family universal or non-universal couplings to fermions. The indirect searches of the Z ′ boson can also be performed at linear colliders where the discovery limits are related to the deviations from the SM predictions for the cross sections and asymmetries due to the interference effects between the propagators. The Z ′ boson having family universal couplings can contribute to the pair production of fourth family fermions via the s-channel exchange. The linear collider provides a clean environment for Z ′ physics, and can measure the couplings precisely.
In the extensions of the SM with U(1) ψ × U(1) χ gauge symmetry, the fields Z The Tevatron experiments excluded the sequential Z ′ S boson with a mass lower than 1 TeV at 95% CL. [11] . Recent measurements by the ATLAS and CMS Collaborations based on the data of 1 fb −1 excludes a Z [15, 16] in the large tt invariant mass region, while the A b F B was measured in the Z boson decays at LEP [17] , which differ by about 3σ deviations from the SM expectations, without affecting significantly the well behaved total cross sections. Several models of new physics have been considered to explain these asymmetries (see Refs. [18] [19] [20] and references therein) at hadron colliders.
In this study, we investigate the forward-backward asymmetries A described in [21, 22] and the Compact Linear Collider (CLIC) described in [23, 24] , have been designed to meet the baseline requirements for the planned physics programs. The effects of the Z ′ boson to the asymmetries of fourth family fermions at linear colliders are shown to be important in some parameter regions for the sequential model, some special E 6 models and the B − L model. We will typically consider the mass of the fourth family charged lepton greater than 200 GeV and the masses of the fourth family quarks greater than 600 GeV, which are safely above the direct production bounds.
II. INTERACTIONS WITH FOURTH FAMILY FERMIONS
The interactions of the fourth family quarks (Q i ) via neutral gauge bosons (g, γ, Z, Z ′ ) and fourth family leptons (L i ) via electroweak gauge bosons (γ, Z, Z ′ ) can be described by the following Lagrangian. We also include the interactions of fourth family fermions (F i ) with three known families of fermions (f i ) through the charged currents (via W ± bosons)
to be read as
where g s , g e , g Z are the strong, electromagnetic and weak-neutral coupling constants, respectively. The G Table I .
The decay widths into the heavy fermion pair F F and W + W − bosons are given as
where N c is the color factor (3 for quarks and 1 for leptons), and g Z ′ is the coupling constant Z ′ , hence a mixing factor κ scales this extension depending on the specific Z ′ models. In the sequential model the factor κ is chosen to be 
unity, which is a reference for the purpose of comparison. In Fig 
Here, themode includes the quarks of four families, and the l + l − (νν) mode includes the charged leptons (neutrinos) of four families.
III. CROSS SECTIONS
Using the interaction Lagrangian (1) we calculate the differential cross section for the pair production of fourth family quarks and leptons in the collisions of e + and e − beams.
The analytical expressions for the differential cross section are given in the Appendix. We calculate the cross section for pair production of fourth family quarks (leptons) taking their masses in the interval 600-1000 (200-800) GeV. Table II GeV and M ν ′ = 100 GeV with the constraints
GeV. The cross sections for ℓ ′ and ν ′ pair production through Z ′ effects are shown in Table   III for ILC with √ s = 1 TeV. In Table IV the cross sections for pair production of t ′ and b ′ quarks are presented for CLIC with √ s = 3 TeV through different Z ′ models. In Tables III and IV, we assume the Z ′ boson mass m Z ′ = 2500 GeV.
The leptonic decay mode of the Z ′ boson has lower branching ratio than the hadronic one, but the cross section for the process e − e + → l ′− l ′+ is comparable with the t ′ t ′ pair production for some Z ′ models. The intermediate goals after the discovery of the Z ′ boson and the fourth family fermions would be to understand their properties and couplings. The forward-backward asymmetry and the invariant mass spectrum of the heavy fermions could help to identify the nature of these new particles.
IV. FORWARD-BACKWARD ASYMMETRY
The forward-backward asymmetry A F B is defined as the relative difference between the cross sections with cos θ > 0 and cos θ < 0, being θ the angle between the heavy fermion F and initial electron in the center of mass frame: 
V. ANALYSIS
In order to analyze the Z ′ models we define a χ 2 function given by
where σ with Z ′ and σ no Z ′ are the cross sections for pair production of the fourth family √ s = 3 TeV for CLIC. The BR and ǫ correspond to the branching ratio and efficiency for considered decay mode, respectively.
First, we take into account the pair production of fourth family quarks (t ′ and b ′ ) and
For t ′ pair production process, we consider the leptonic decay of one W boson and hadronic decay of the other W boson giving the signal l ± + 2b jet + 2j + MET. In Fig. 8 , we plot the χ 2 distribution versus M Z ′ assuming the mass value m t ′ = 600 GeV and CKM4 elements
|V ub ′ | = 0.014 [26] at the linear collider center of mass energy √ s = 3 TeV. For b ′ pair production, we take into account the same sign W bosons decay leptonically, while the others decay hadronically, leading to the signal 2l ± + 2b jet + 4j + MET. 5000 GeV at linear collider energy of √ s = 3 TeV. However, the other models can be identified in the smaller mass range well above the experimental limits. Specifically, for the b ′ pair production the Z ′ χ model will give its signature up to a higher mass value. Second, we consider the pair production of fourth family charged lepton and neutrino (l ′ and ν ′ ) and their decays via l
∓ assuming the Majorana nature of the neutrino, respectively. For l ′ pair production, we assume three same sign W bosons decay leptonically, while the other decays hadronically, giving the signal 3l ± + 2µ ∓ + 2j + MET. The results for this signal are given in Table VI and VII. However, we also consider the final state l
± which is more convenient to separate Z ′ models at linear colliders for one year of operation.
In Fig. 9 , we plot the χ 2 distribution for the 2µ ± + 8j signal versus M Z ′ assuming the mass value m l ′ = 200 GeV and PMNS4 elements U ν ′ l ′ > 0.996 and U ν ′ l < 0.092 [27] at the collider energies √ s = 1 TeV and 3 TeV. For ν ′ pair production, we assume the W bosons decay hadronically, leading to the signal 2µ ± + 4j. The χ 2 distribution is given in Fig. 10 depending on the M Z ′ assuming the value m ν ′ = 100 GeV at the center of mass energies √ s = 1 TeV and 3 TeV.
In the l ′ pair and ν ′ pair search we can identify the Z as m l ′ = 200 GeV. The corresponding background events are also given in the last column of Table VI and VII for 200 fb −1 and 600 fb −1 , respectively. When calculating the number of signal and background events we take into account the corresponding branching ratios and the efficiency factors for the given channel of signal. In the final state including b-quarks we take the b-tagging efficiency as ǫ = 0.5.
In order to estimate signal significance for the production of fourth family fermions we use signal and background events at linear colliders with √ s = 1 TeV and 3 TeV. For an illustration, considering 2µ − + 3µ + + 2j + MET signal we have the signal significances 
The numbers in the paranthesis denote the significances. 
VI. CONCLUSIONS
We emphasize that exploring the F F production cross sections and forward-backward asymmetry at linear colliders will allow further tests of the new models beyond the SM. However, heavy charged lepton FB asymmetry can also be measured at relatively low invariant mass range. Performing a χ 2 analysis using the cross sections we have the mass range for the Z ′ boson which can be accessible at the linear collider experiments. We found that the Z ′ models give different predictions for the observables and their correlations, and they may be distinguished by jointly studying these observables at linear colliders.
APPENDIX
The differential cross section for the process e + e − → F F is given by 
